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dyrbols

British thermal unit. Urii of heat (¢ 778 FT-LB)

Gas flow rafte. Cubic feet per minute

Radiation constant, {BTU/HR-Ft<)

Geometric form factor

Temperature, degrees {ahrenheit

Area, square feet

Radiation intensity. (watts/cm2 - micron)

Time, hours

InPont high temperature nylon fabric with aluminized coating on
one surface

Incident effective radiation. (BTU/HR-F&°)

International Business Machines computer

Pound{s), Unit of rass and weight (force)

Insulation specific performance. (BTU-LB/HR-Ft2-°R)

National Research Corporation saluminized-mylar super insulation
Pressure. Pounds per square inch absolute

Heat flow rate per unit area. (BTU/HR-Ft2)

Temperature, degrees Rankine

Gas relative humidit)

Angular velocity, revolutions per minute

Vought Astronautics !ipace Environment Simulator

Temperature differerce, OF or OR

Insulation thermal effectiveness. (BTU/HR-Ft2-©R)

Ultraviolet portion of electromagnetic-waeve spectrum. For solar
radiation, UV £ 380 mpy

Yelght, pounds

Greek Letters

ol

YR T > o m

Alpha. urface sbsorbtivity for radiation; angle between the point
surf'ace normal and & line from the peoint to the radiation source

Garma. Angle from a plane containing the sub-solar point on the
lunar surface and the longitunidal axis of a cylinder on the lunar
surface, The cylinder logitunidal axis 1s perpendicular to the
lunar surface and § is measured about this axis.

Ipsilon. Surface emissivity for radiation.

Theta. Angle from sub-solar point for earth or lunmar orbit

Lambda. Wavelength for radiastion

Mu. Wavelength for radiation expressed as microns or milli-microns

(enpt)
Pi. Ratlo of circumference of any circle to its diameter. (= 3.1416)
Rheo. Reflectivity for radiation

3igma. Stefan-gSoltzmann constant (BTU/HR-FtQ-ORh)

iv



¢ Fhi. An-le of solar inerlination to a lunar surface normal

Cubiseripts

e earth !
ea earth alkedo

) lunar

ma lunar albedo

] solar

ses space envriomment simuwletor



1.0 SUMMARY R

A test program was completed to evaluate the insulation effectiveness
~and space environment compatibility of 24 (overnment furnished space suilt
thermal coverall materials. The samples wWere selected and tests conducted
to determine the following: .

a. Optimm number of layers (thickness) of an. extra-vehicul&r
space sult thermal coversall garment.

b. Effect of exposure of the materials t¢-a simulated space
environment.

¢. Optimum cover and inner layer materlals.
d. Effect of different coverall construction techniques.
e, Effect of dust accumulation on the outer layer.

f. Data on temperatures and heat flow sultable for
caleculation of performance of the various materials..

Samples of the various insulating materials, approximately 14" x 1hb",
were tested under hard vecuum in the Vought Astronsutics Space Environment
Simulator to obtain temperature and heat flow data during exposure to both
hot and cold enviromments. Steady state heat gain from the simulated solar
flux renged fras 0.10 to 23.8 RTU/HR-Ft® for the 24 semples. Steady state
heat loss to the simulated cold of deep space was from 0.09L to 17.65 BTU/
HR-Ft2. The time required for stabilization with a step change from the
steady state hot to the steady state cold condition varied from 10 to 120
minutes for the various samples.

Deterioration of materials due to exposure to the wltraviolet. (uv)
of the simulated solar source and to the vacuum-thermal effects was confined
principally to the cover layers. Samples wilth HT-1 covers (DuPont high
temperature nylon, aluminized on one side) showed almost no effects from ex-
posure while samples with NRC-2 covers (National Research Corp. Super~-insula-
tion) experienced considerable damage. Damage included discoloring, crack-
ing, curling, tearing.

» . -fThree pessible thermal enviromments for extra-vehicular missions,
earth orbit, lunar orbit, and lunar surface - were analyzed to determine the
maximum and minimgn radiation intensities to local point and to the entire
circular surface of a cylindrical model of & thermal coverall. These analy-
ses were used with test data fram seven representative test samples to pre-
dict thermal equilibrium conditions for each type of mission. Predicted
surface temperatures were between 230°F (sample 17, lunar orbit, maximm
radiation) and -120°F (sample 17, lunar orbit or lunar surface, minimum -
radiation). Predicted equilibrium heat flows were between J 11.08 BTU/HR-Ft>
into Ehe sample (sample 21, lunar orbit, meximum radiation) and -17.55 BTU/

out of the sample (sample 21, lunar orbit or lunar surface mininum
radiation) Sample 15 showed the- smallest ranges in heat flow- (approximately
1 BTU/HR-Fta} for each of the three missions.



A limited comparison was made between sample 3 (HI-1 cover £ 7
layers NRC-2) and sample 26 (David Clark pressure suit) for a typical 1/2
hour extra-vehicular mission in a circular equatorial orbit at an altitude of
100 miles. The analysis showed that this extra-vehicular mission possibly
can be accomplished with the David Clark suit (no coverall) without undue
discomfort to the astronaut if the mission is limited to the earth shadow..

It was concluded from the results of the test and analysis that
the final choice of a coverall material should be made from those samples
heving an HP-1 cover and approximately 7 inner leyers separated by dacron
spacers. It was also concluded that of all the samples tested the four mosi
sultable in the order of preference are:

Sample Material
15 HT-1 { 7 layers aluminum - polypropylene laminat

with dacron spacers. :

19 HT-1 £ 7 layers sluminum - mylar laminate with
dacron spacers

12 4P-1 # 7 layers aluminum-mylar-sluminum £ilm
with dacron spacers

3,4 or 11 H?-1 / 7 layers NRC-2 with dacron spacers

Coverall seams should be kept to 2 minimum and ﬁhere seams must be used a
velcro seam is a btetter cholice than a sewn seam.

Recormended areas for additional study include further investigation
to evaluate in detail the effects of foreign materials on the coverall surface
layers and determination of the effects on insulation effectiveness of the
astronaut's movements., It is further recommended that before any extra-
vehicular mission is undertaken without coverall protection a thorough inves-
tigation should be made of the thermal protection problem.



2.0 INTRODUCTION

Adequate thermal protection for an astronaut performing extra=-
vehicular operations is & requirement of manned space preograms. Current
full-pressure suits do not provide adequate protection for all extremes of
thermal envirorments.

An insulated coverall garment worn over the full-pressure suit
will provide the required thermal protection from natural thermal environments
for all extra-vehicular space missions. The feasibility of the insulated
coverall concept for thermal protection was proven through tests conducted
by Vought Astronautics Division, Ling~-Temco-Vought, Inc., under NASA Contract
NAS 9-46l. Uhile these tests did prove concept feasibility, additional
tests and analysis were required to select the most satisfactory material
for coverall construction.

Under NASA Contract NAS9-1163, Vought Astronautics has evaluated
the insulation effectiveness and material environment compatibility of 24
Government furnished space suit thermal coverall materials. The NASA teche
nical monitor of this program has been Mr. Gil Freedman of the Crew Systems
Division, Manned Spacecraft Center, Houston, Texas. The results of this
test progrem and anslysis are presented in this report to permit selection
by NASA of the most satisfactory material for coverall construction.



3.0 TEST PROURAM

3-1. ﬂb_’j_i\;tl\f:‘

The over-all objective of the test program described hereiln was
to evaluate the insulation effectiveness and material compatibility of 2k
samples of Govermment furnished space suit thermal coverall materials.
The specific objectives of the program were to evaluate these insulation
samples to determine:

1) Optimum number of inner layers (radiation shields).
2} Deterioration of materials from the simulated space
envirommental conditions.

3) Radiation properties of cover layers.

L) Insulation effectiveness of different inner layer

uaterials :

5) Insulation effectiveness of pressure sult materials.

6) Influence of dust on the cover layer on insulation
effectiveness.

't) Insulation effectiveness uf materials with different
seam construction technigues.

8) Insulation effectiveness of materials using cover layers
other than HT-} and/or different methods of Jjoining
inner layers and spacer leyers.

(9) 1Insulation effectiveness of all materials using HT-1

covers and the same number of ianner layers.

These objectives were achleved by thermal testing of the sample materials
in a simulated space environment. Each sample was tested in the Vought
Agtronautics Space Enviromment Simulator by determining the heat flow
through the sample during exposure to hot and cold environments. Tempera.
ture and heat flow data were obtalned for transient and steady state con-
ditions.

3.2 Test Ariicles

A detailled description of zach sample tested 1s given in Table
i, Test samples consisted of layers of various insulating materials approxi-
mataly 14" x 14" and held together by single loops of teflon coated fiber-
glass thread (Dodgze Fibers Corporation, Fluorglas 12T-04-020) at the
cornera., A sample vas defined as made up of an "outer layer” or "cover"
facing the energy source, iuner layers” away from the energy source, and
"spacer layers” used fo separate adjacent dnner layers from each other.
No spacer layer was used to separate the cover or outer layer from the
first inner layer.

3.3 Test Equipment

3.3.1 Space Environment Similator

The Vought Astronautics Space Environmwent Simulator (SES) simu-
lated space conditicus of solar 1adiarion, cold of deep space, and high
vacuum. A chambor pressure of T x 1071 to 6 x 107 mm Hg was maintained
throughout the tests. Pumping vas prOV1ded by a mechanical ballast pump,
an oil ejector pump and three oll diffusion pumps.

i



The inside walls of the simulator were maintained at -310°F
during all tests. The chamber walls were c¢ooled by liquid nitrogen.

Nine Mercury-Xenon high pressure direct current arc lamps simu-
lated solar radistion. Solar heat flux at the target plane was calibrated
before and after the test program for each of the six specimen positions.
Power supplied to the lamps was monitored during calibretion and during all
tests. Iamp power readings were used to correct base line flux data to the
conditions existing when the steady state heat flow data was recorded. The
varistion from high value to low value for the total flux on each of the
six specimen positions did not exceed 21% for any test run,

The spectral energy distribution of the Mercury-Xenon lamps is
shown in Table 2.

3.3.2 Backing Plates

A constant temperature heat sink/source was provided by backing
plates through which constant temperature water was circulated. The back-
ing plates, known commercially ms Dean Panelcoils, consisted of two 0.06
inch aluminum sheets welded together, one of which was flat (front side}
and the other emhossed to form a flow channel (back side). A view of the
three backing plates as mounted in the Space Environment Simulator for
this test is shown in Figure 1. The heat flow transducers used to measure
heat flow through insulation samples were attached %o the front side of the
backing plates. The backing plates measured 12" high by 23" long.

As shown in Figure 1, the backing plates were attached directly
to & rectangular frame (aluminum angle stock) which was supported by the
chamber motion gimbal. The frame was attached to the motion gimbal by
thin wall tubing and micarta blocks. The exposed framework and the back
side of the backing plates were insulated with a sheet fiberglass type in-
sulation covered by approximetely 25 layers of NRC-2 super insulation.

3.3.3 Water System

Artesian water at a constant temperature of approximately 9&;7°F
flowed to the backing piates to maintain a constant temperature heat sink/
source during all testing.

Water flow of approximetely six pounds per minute through the
series connected backing plates maintained esch plate at essentially the
same temperature; i.e., the water temperature riese or drop through the
backing plates was very nearly zero throughout the test. Calculated values
of water temperature rise or drop also showed near zero values. Copper
tubing of nominal 1/L-inch diameter carried the water to and from the back-
ing plates. Flexible tubing at the point of joining the copper tubing to
the backing plates permitted rotation of the backing plates, without disrupt-
ing water flow. All copper tubing inside the Space Environment Simulator
was insulated with sheet fiberglass and approximately 25 layers of NRC-2
super insulation.

A schematic of the over-all test setup is shown in Figure 2.
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3.4 Instrumentation
3.4.1 Samples

The surface temperature indication for each sample was obtained
by use of a 40 gauge copper-constantan (Cu-Cn) thermocouple attached to the
‘outside cover. The resistance welded thermocouple beads were flattened to
less than two mil thickness to obtain as much contact area as possible
between the thermocouple bead and the surfece. The attachment of the thermo-
couple to the surface was made by an epoxy compound (Shell Chemical Company -~
Fpon 828 and DTA). The two electrical leads from the thermocouple bead to
the edge of the insulation led out separately to minimize heat flow leaks
to any cne surface area. Sample number 5 had an additional surfece thermo-
couple which was located near the epoxy attached thermocouple. Aluminum -
mylar tape attached the extra thermocouple to the surface. The outside
surface thermocouple for sample number 7 was also attached by placing it
under eluminum - mylar tape.

Profile temperatures were determined for semple number 7 on the
top side of the third, ninth, twelfth, and fifteenth inner layers. The
thermocouple installations were identical to those on the surface except
that a small quantity of Eastman 910 glue attached each LO gauge thermo-
couple to the surface.

Beckman and Whitley T200-3 heat flow transducers measured the
heat flow through the insulation samples. These thermopile elements pro-
duced a microvolt output directly proportional to the one-dimensional heat
flow through the samples. Initial transducer size of L 1/2" x L 1/2" x 3/64"
wes increased to 11 1/4" x 11 7/8” x 3/64” by addition of & "plcture frame"
meade of the same bakelite material as the transducer. This was done to
insure one-dimensional heat flow through the actual 2 1/2" x 3 1/8" thermo-
pile area in the center of the transducer. Pittsburg Plate (lass Company's
Bondmaster MS11 adhesive with CH-1 hardner joined the three 1/64" bakelite
sheets of the "picture frame” together and to the T200-3 transducer. A
view of the six complete heat flow transducers as installed on the backing
plates is seen in Figure 1. An epoxy compound {Shell Epon 828 plus General
Mi1ls Versamid 115) joined the heat transducers to‘the backing plates. A
Cu-Cn thermoccuple embedded in the thermopile area of each transducer provided
the temperature for correction of the raw heat flow date through the use of
a calibration curve supplied by the manufacturer. :

3.4.2 Backing Plates

The backing plate thermocouples were mounted at six points, two
per plate with each on the flat side of the plate directly in line with the
center of the thermopile area of the transducers. Again L0 gauge Cu-Cn thermo-
couples were used. PBastman 910 glue was used to attach each thermocouple
to the backing plate. A thin sheet of cigarette paper separated the
thermocouple from the metal plate to prevent electrical shorting.

3.4.3 Wwater Syétem

Two Conax Thermocouple Glands with 20 gauge Cu-Cn wire provided
measurements of the water inlet temperature to the backing plates and the
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2 T across the backing plates. Water discharge temperature outside the
chamber was determined with a mercury thermometer.

3.4k Space Environment Simulator

Twelve Cu-Cn thermocouples installed on the SES walls gave tem-
perature measurements of the simulated cold of deep space. The thermo-
couples were positioned principally on the West inside wall of the SES
directly opposite the insulation samples when oriented for a cold test run.

Heat flux intensity and distribution at the target plane were
determined before and after the test program using the heat flow pickups
shown in Figures3 and 4. Each of the small pickups of Figure 3 consisted
of two copper plates 3" x 3 5/8" separated by micarta blocks with four
thermocouples mounted on each plate. The thermocouples were wired in
parallel. Each plate was of identical construction except that the back
plate (away from the simulated solar heat) had a small electrical heater
attached to the inside surface. Fiberglass insulation filled the void
between the two plates. In use these pickups were positioned in the target
plane at identical positions to the six heat transducers as mounted on the
backing plates. The SES lamps were adjusted to the level of solar intensity
and the plate electrical heaters power was increassed until back plate tem-
perature reached the same value as front plate temperature. The watts per
sQuare inch reading for each pickup at this condition gave base line flux
intensity for the actual thermopile areas. BSimilar data after the test
runs provided an estimate of the limits of these measurements when correlated
with before and after readings of lamp wattages.

The large pickup (10 7/16" x 11") in Figure 4 was centered in turn
at each of the six test positions to determine relative heat flux over each
test sample. One hundred identical copper plates (squares) separated by in-
sulation made up this pickup. Each copper plate had an identical thermo-
couple installed on the back side. The thermocouples from four adjacent
squares (plates) were paralleled to read a temperature. By establishing a
correlation between the millivolt thermocouple ocutput of the small pickups
(Figure 3) with the millivolt output of each four adjacent squares, it was
possible to determine heat flux distribution and hesat flux mean value for
each test position over an approximate area of one square foot. A typical
heat flux distribution for a test position is shown in Table 3. The lamp
wattages at the time of each run were used to make corrections in base line
values of heat flux.

3.4.5 Instrumentation Readout Systems

Temperature readout for the Space Environment Simulator cold wall
temperatures was a Brown Multipoint Recorder (-10 to O £ 10 millivolts),

. Mi1livolt readout for test sample temperatures, backing.plate
~emperatures, transducer temperatures, and heat flows was a digital volt-
meter system as shown in Figure 5. This system vrovided the necessary

agcuracy for the Beckman and Whitley heat flow transducers when o
at low heat flows, perating



A consclidated Vacuum Corporation GIC-100 gauge was used to
monitor space chamber pressure during all test runs.

3.4.6 Instrumentation Accuracy
Estimated instrumentation accuracies are as follows:
Temperatures - Brown Multipoint Recorder / 3°F
Pemperatures - Digital Voltmeter System }.le

Heat Flows - Digital Voltmeter System plus # b% of recorded
B & W Heat Flow Transducers = value

Space Chamber Pressure - CVC GIC-100 gruge { 15%

Solar Flux - Chance Vought Radiometers / 5% (relative values)
10% {absolute values)

™~

3.5 Test Procedure

3.5.1 Preparation of Tegt Samples

High lateral heat flow in any test sample could have glven an
erroneocus indication of the apparent thermal conductivity of the sample.
This possibility was analyzed to determine the magnitude of the problem
and to suggest possible solutions. Analysis of possible heat loasses due
to edge effects is shown 1n the Appendix.

Analysis of possible heat loss from edge effects showed no
serious results, but it did suggest that heat paths should be ellminated
where possible. To do this all inner layers except the layer next to the
heat transducer were trimmed to the same size as the transducers, 11 1/4"
x 11 7/8". The cover layer and all spacer layers were trimmed along one
edge to line up with the inside edge of the transducer. Thus available
heat paths from the exposed area of the sample tc the areas wrapped around
the top, bottom, and outside edges of the backing plate were minimized.

&



METHOD OF TRIMMING THE SAMPLES IS INDICATED IN THE SKETCH BELOW:

SPACER LAYERS

ﬁ‘

INNER LAYERS

TRIM-BACK DISTANCE FOR
INNER ALUMINIZED LAYERS

Sample 5 was used to check possible environmental effects of dust
on the cover. After rubbing the cover with human hands, basaltic dust was
sprinkled over the cover surface. This gimulated "moon dust' of mean
particle size 10 microns or less was supplied by Jet Propulsion Laboratory,
californis Institute of Technology.

Each sample was weighed before installation on the backing
plates and then weighed again when removed following testing.

3.5.2. Installation of Test Samples

All test samples except number 1l were installed so that the
cover, spacer layers, end inside inner layer wrapped around the top,
bottom, and outside edges of the backing plates. Sample 1l was inadver-
tently installed so that the inside and outside edges of the insulation
were reversed. The wrap around of each sample was about 1/2 inch with
the wrap around area of the sample installed under the insulation covering
the back side of the backing plates. A white fiberglass tape was used to

9



secure the wrap eround edges of the samples. Test samples as lnstalled
before test runs are shown in Figures 6 through 9, A 1/2" high strip of
fiberglass tape was placed between adjacent samples along their comuon e@ges
as a radiation shield. The sketch below indicates the method of installing

test samples.

BACKING-PLATE

b
-—
-
-
-
-

-

I
' :::I

TRIM-BACK DISTANCE AFTER
WRAP.AROUND ON THREE SIDES

FIBERGL ASS SHEET

BACK.SINE INSUL ATION BLAMKET

' v



3.5.3 Hot, Test Runs

Following a camplete check of instrumentation, water flow to the
backing plates was started. The pump down and cool down of the chamber re-
quired sbout two hours after which the aclar lamps were brought up to power
"in about 20-30 minutes. After reaching full solar power, steady test con-
ditions were maintained for a minimum period of six hours. The data was re-
corded throughout the test run and final steady state data wvas taken at the end
of the six hour pericd.

3.5.h. Transient Test Runs

Each transient run followed immediately after a hot run. Rotation
of the samples from facing the scler source to facing the SES cold wall (West)
took about 5-10 seconds. A visual check of the new position was made and then
the solar source was turned off. Very repid changes of surface temperatures
mede it {mposeible to record these date during the early portion of a tran-
sient run. However, heat flow data for each of the aix samples was recorded
at 30 second intervals. After ebout 30-60 minutes temperature data wes also
recorded.

3.5.5 Cold Test Runs

Cold rune covered the pericd following each transient run until
final steady state cold date was recorded. The time lapse from lights off
until reading of final cold data was sbout 2 1/2 - 3 hours. The warm up &nd
return to sea level conditions of the SES took sbout 10-12 hours after which
photographs were made of the samples before removing them from the backing
plates {see Figures 10 througha?E) -

3.5.6 Order of Testing

The testing of 24 samples at a rate of six per day was completed.
The first day was generally devoted to optimizing the number of inner layers.
Second day tests investigated different inner layers. Third day tests cover-
ed the environmental effects of dust on a sample, construction technigues
for seams, and other inner layers and cover materials. The fourth day of
testing was devoted mainly to samples of full pressure suits with aome samples
of different construction in the inner layers. Tables & through 7 show which
samples were run on each test day and the test position of esach sample.

3.6 Test Results

Tables 4 through 7 present steady state hot and cold test results.
Transient temperature date is presented in FigureslS5 through 19 while transient
heat flow data is shown in Figures20 through 23. The specific deectives of
the program were to evaluate these insulation samples to determine: .

(1) Optimum number of inner layers (radiation shielda)

(2) Deterioration of materials from the Bimulated space
environmental conditions.

(3) Radiation properties of cover layers.

11



(4} Insulation effectiveness of different inner layer
‘materials.

{5) Insulation effectiveness of pressure suit materials.

(6) 1Influence of dust on the cover layer on insulation
effectivensss.

(7} Insulation effectiveness of materials with different
seam construction techniques.

(8) Insulation effectiveness of meterials using cover layers
other than HT-1 and/or different methods of joining
inner layers and specer layers.

(9) Insulation effectiveness of all materials using HT-1l
covers and the same number of inner layers.

3.6.1 Cptimum ILayers

Samples 8, 10, 7 and 6 with 3, 7, 15 and 25 layers of NRC-2 insula-
tion, respectively, offer a comparison of the number of insulating layers
versus thermal effectiveness.

Heat flux on these samples during the hot run varied by approximately
21% from the high value to the low value. Surface temperatures varied in
approximately the same order as the heat flux intensities.

Measured values of heat flow through these samples were small in
magnitude (0.10 to 2.325 BTU/HR-FT<). Confidence in measured heat flow values
1s high for two reasons. First, the water temperature drop across the backing
plates remained near zero throughout the test which indicates & very low heat
flow through the test samples. Second, a comparison of test heat flow and
heat flow calibrated using National Research Corporation published data for
NRC-2 shows & reascnable correlation. This comparison is shown in the follow-
ing table.

Calculated Q
Using Manufacturers'

Number of conductivity data Q
Sample layers and test temperatures Test
8 3 2,105 2.325
1o 7 0.52% 0.29
1 15 0.555 0.37
6 25 0.286 .10

. In making this comparison, it should be noted that the test samples
inciuded spascer layers of dacron between the NRC-Z2 inner layers. These spacer
layers are not included in standard NRC-2 insulation. ‘

Thermal effectiveness ranking of these samples was made by using
test data in the following equation:

U = QTest
A TTest

12



where, o
U = Over-ell thermal effectiveness, BTU/HR-Fte - R

QTest = Measured heat flux through sample, BTU/HR—F‘b2

ATpest = TSurface - Tpack plate ~°R

Figure 24 shows & plot of U versus number of layers for both the
hot and cold conditions. As can be seen from the units for U, the best in-
sulation will have the lowest value for U.

Specific performance which incorporates a consideration of the
weight penalty as well as the thermal effectiveness is defined by the follow-
ing equation:

NP =Ux W

where the units are;

N, = Specific performance, BTU-LB/HR--Ft2 - °r
U = Over-all thermal effectiveness, BTU/HR—F‘I;2 - °r
W = Sample weight after test, pounds

A summary of the specific performance of the various samplea is
presented in the following table.

Solar source on No solar input
 Sample Layers Np Hot, Sample ‘Iayers Np Cold
6 25 .00001118 8 3 .0000831
10 T .0001602 10 7 .0000887
7 15 000236 6 25 .0000978

8 3 000279 T 15 .0001102

In terms of thermal effectiveness and weight penalty, the best in-
sulation has the lowest value of N?‘

3.6.2 Cover Materisals

From the standpoint of covers used, test samples may be divided
into the following categories for comparison:

NRC-2 Cover, mylar out ~ Samples 6, 7, 8, 10
HT-1 Cover - Samples 3, 26, 4, 11, 13, 12, 14, 15, 5, 16, 18, 19, 36

Aluninum - Mylar Cover, aluminum out - Samples 17, 20, 22, 2k
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Aluminum - Dacron Cover, aluminum cut - Cample 2%
Rayon Cover - Sample 21
Project Mercury Suit Cover - 3ample 27

Heat flux intensity on these samples varied by about 21% from the
high to the low value. As shown by Table 2 the spectral distribution of the
Space Enviromment Simulator lamps is such that approximately 36% of the total
energy is in the ultraviolet wavelength range. In comparison, the ultra-
violet energy in the solar spectrum represents approximately 6% of the total
energy.

Damage to the cover materials from exposure to the SES enviromment
is shown in Figures 10 through 1. As was expected from the results of the
previcus test program (IASA Contract NAS 9-L61), the NRC-2 cover samples were
extensively damaged. The aluminum - mylar samples with the aluminum surfece
out were also badly damaged with the exception of sample 17. The rayon cover
sample showed some color fading while all other samples showed very little
apparent effects from the exposure.

Cover material demage in all cases was attributed to the effect
of the ultraviolet radiation on the mylar plastic with secondary damege due
to the vacuum and thermal effects.

3.6.3 Surface Radiant Properties

Investigations of surface radiant properties have shown that & low
value of solar absorptivity to emissivity ratio, (°ﬁ}é ) for the suit coverall
outer layer is desirable. This keeps cover surface temperature to a lower
value and assures a low value of heat flow into the suit.

In this pregram, surface radiant properties were examined first by
use of Vought Astronautics IBM Routine for calculating total radiant properties
from spectral data. This routine celculates itotal radiation properties from
spectral data by determining the mean value of a radiation property for a
given spectral energy distribution. Inputs to the routine are: (1) solar
wavelength { A solar) vs. solar total emissive power (H 5 solar), (2) space
envirmment simuletor wavelength ( A SES) vs. space enviromment simulator
total emissive power {H,) SES), (3) semple reflectivity (,° sample) vs.
sample wavelength { A sample), (4) standard reflectivity ( /° standard)} vs.
standard wavelength { A standard), and (5) temperature (gR) for black body
radiation. The data for A sample vs.,A sample was furnished by NASA. Ount-
puts of the routine are absorptivity of the surface to solar radiation ( <<, ),
absorptivity of surface to space environment simulator radiation { =€ SES),
and body emissivity of the surface for a renge of temperatures ( € vs. OR),

Additional investigation of the surface radiant properties of the
samples consisted of calculating values of X SES/€ using test data inputs.
The follnwing equation relates the steady state conditions of heat absorption
by the ¢ »’uce, heat radiation from the surface, and heat flow through the
surface.

“2& SES - ot £ 2
& € FE

1



where:

&4 SES

Q

absorptivity of the surface to Space Environment Simulator

radiation‘) dimensionless

black body emissivity of surface at some temperature,
dimensionless

8 2 . %
Stefan-Boltzmann constant O,171lx10~ BTU/HR-Ft -

surface temperature, °r

heat flux _on sample in Space Environment Simulator,
BTU/HR-Ft

heat flow through sample, hot run, BTU/HR-Ft2

The value of € for the above equation describing & hot run was assumed to be
the same € as that derived from the cold steady run data from the following

eguation:
€
where:
€
&
TI

h

a T#

black vody emissivity at some temperature, dimensionless
heat flow through sample, cold run, BTU/HR-Ft2

cold surface temperature, °R

Examination of sample deta for reflectivity versus wave length shows that
generally the curve is flat between the wave lengths associated with black
body emissivity at cold and hot surface temperatures. This indicates that
the assumption of € hot = € cold is generally sound.

% 5ES and € eold derived from test data are pre-
All values of — ol co eri P

sented in Tables 5 through 8. However, some of these values are repested
below for comparison with the IBM derived data,

Sample Cover IBM TEST

ot.Solar /@ OLUSES/e oL SES /e

Aluminum-Mylar, Multi TLayer

Mylar out .72 - .98 - T~+95200°F

Aluminum-Mylar, Multi Iayer,

Mylar out Clean .76 .98 T-~.95200%F

HP-1, Aluminum out .76 .75 1.5-2.3300bF

Aluminum-Mylar with Alodine .88 1.02 1'83OOOF

Aluminum-Mylar, Multi Layer, '

Mylar out Dust 'BhEOOOF 1'062000F Not tested

Aluminum-Myler, Single Layer

Mylar out

J.SSQCCD? ‘BTQOOOF Not tested
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Jariniious an radiant properties vetween IBM aud TEST values <an be
attributed to test tolerances in T, E, 3, /° samples, A~ standard, and to the
fact that IBM culculations were based on data obtalned in an earth air mass
whereas TEST crleulations data were obtajned in a hard vacuwon.

3.6.4 dhher Muilti-Layers
Investigation of insulation samples in terms of inner layer materials,
construction, heat transfer properties, and weight was also completed duzlng the

program.

The insulation samples which were svaluated to study tne above rara-
meters are swmarized in the taoble below,

Samnle Material Construction Technique

1e Aluminum-Mylar Film deposit of ﬁlumiﬁum; two §}§?§
13 Gold-Mylar #ilm deposit of gold, one s;@g

14 Aluminum-Kodar A Lumd num feil-Kodar leminate

15 Aluninum-Pelypropylene Aluninum foil-Polypropylene laminate
19 Aluminum-Mylar . Aluminum foil-Mylar laminate

Thermal ranking of these samples according to effective "U" (Where
U is over-all thermal cffectiveness as defined in Paragraph 3.6.1) gives the
results shown below:

Solar source on Ne solar input
Sample Material U hot Sample Material U gold
15 Al-Polypropylene L.  .0Q06 12 Almmlér Film - ooohoé
19 Al-Mylar Laminate 00736 13 Gold-Mylar Film :QQ;;QE
1h AY-Kodar L. 00745 15 Al-Polypropylene L. -QOL51
12 Al-Mylar Pilm Nelo. s 19 Al-Mylar Laminate  .00199
13 Gold-Mylar Film 0106 | Al-Kodar L. 001995

As explained in Paragraph 3.6.1 above, insulation samples with lower "U" values
indicate betier thermal performance. '

Performance ranking based on specific performance, N {where W, is the
same as is defined in Peragraph 3.6.1) is presented in the fol owing table.



Solar source on

!

No solar input

Sample Material Ny hot ; Sample  Material Np cold
12 Al-Mylar Film .000515 | 12 Al-Mylar Film . 0000254
15 Al-Polypropylene L. 00053013 Cold-Mylar Film . 0000689
13 Gold-Mylar Film 000648 |15 Al-Polypropylene L. .0001334
19 Al-Mylar Laminate .000652 | 19 Al-Mylar Laminate .0001741
1+ Al-Kodar L. .000808 { 1+  Al-Kodar L. 000216

3.6.5

materials used in current full pressure suits.

Insulation samples showing lower NP values are better materials from
the standpoint of thermal and welght performance.

Sult Samples

Several insulation samples were tested which are typical of the

These samples were David Clark

Suit (26), Rayon-Polyurethene-Nylon Treco {21), Project Mercury Suit (27), and
International latex Corporation (IIC) Suit (36).

) Thermal performence ranking for these samples is indicated below
where lower values of "U" indicate better thermal performance.

Solar source on

No solar input

Sample Unhat Sample Ucold
ILC 266 TLC . 0855
David Clark .32 Rayon Cover 0919
Rayon Cover .3365 David Clark L1036
Merecury .554 Mercury .1235

Specific performance ranking of

the following table.

Solar source on

Sample Np hot
IIC .02Gk
Rayon Cover .0323
Mercury .05125
David Clark .1156

these sult samples are summarized in

No solar input

Sample Nb cold
Rayon Cover 00882

e .009%5

Mercury .01163

David Clark

L0374

Lower values of "N_" demonstrate better insulation properties per unit in-
sulation weight.

2
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3.6.56 Environmeniol Sample

Sample 5 with an HT-1 cover treated with basaltic dust provided
test data for evaluating possible thermal effects due to a dust accumulation
on the suit such as might be encountered on the lunar surface.

A comparison of sample 5 with sample 4 (HT-1 cover, no dust) shows
that the dust produced significant decrease in hot steady state thermal effec-
tiveness., This decrease in hot "U" for sample 5 resulted from a decrease in §
by a factor of 5 and a decrease in AT by & factor of 2. The table below shows
this comparison.

Solar source on No solar input
Sample Uhot Sample Voold

L LOLhL L .001338

5 .00582 5 .00188

A specific performance comparison of sample 5 with sample 4 shows a
significant change for hot steady state N_ because of the difference in
respective Upqg values. This comparison Ys presenied below:

Solar source on No solar input
Sample Np hot - Sample Np cold
H . 0009 L .0000836
5 L000375 . 5 .N001L209

A final comparison of sample S with sample 4 in terms of surface
radiant properties can be made for TEST and IBM values of c"'SESé; .

TBM ~¢SES TEST o< SES
Sample € €
L .75 2,25
5 Not determined .850
3.6.7 Construction Technique Samples ~ Seams

Two samples, 16 and 18, were {ested to permit investigation of seams
on thermal effectiveness. Sample 16 consisted of two separate pieces joined
in the middle with a velero seam, while sample 18 consisted of two separate
pieces joined in the middle with a sewn seam using a fold-back technique.

A comparison of thermml effectiveness of these samples and an unsewn
sample of identiecal construction follows:



Solar source on : No solar input

Sample Unot Sample Upold
3 (unsewn) .0133 3 (unsewn) .00273
16 {velcro) .0227 16 (velcro) .01632
18 (sewn) 0746 18 (sewn) .0325
A similar comparison in terms of specific performance shows these
results:
Solar source on No solar input
Sample Ny hot Sample Ny cold
3 (unsewn) .000871 3 (unsewn) .0C01789
16 (velcro) .00211 16 (velero) 001517
18 (sewn) L0054 T 18 (sewn) 00238
3.6.8 Other Samples

Five other samples (17, 20, 22, 2k, 25) which differed in some de-
talls - cover, imner layers, spacer layers, or construction techniques - from
all other samples were tested. The thermal effectiveness of these samples
is showm below:

Solar source on No solar input
Sample Unot | Semple Uco1d
17 (Al-Mylar, Alodine) .0121 25 (Al-Dacron, NRC-2) .001216
25 {Al-Dacron, NRC-2) .01218 | 17 (Al-Mylar, Alodine} .0024k9
2k {Al-Mylar, Spot) LOLTLT | 22 (Al-Mylar, Tulle) . 002865
20 (H-S) L0267 2h (Al-Mylar, Spot) .00366
22 (Al-Mylar, Tulle) .0559 20 (H-8) .00L81

Specific performance ranking of these five samples follows:

Solar source on No solar input
Sample Nph ot Sample Npc old
17 (Al-Mylar Alodine) .0005L42 25 .0001077
25 (Al-Dacron, NRC-2) .001079 17 .0001117
24 (Al-Mylar, Spot) .001245 22 .0001431
20 (H-3) .001018 24 . 0002655
22 (Al-Mylar, Tulle) .002792 20 .000345

3.6.9 HT-1 Cover Samples
For convenience of analysis the U,y and U,, 4 velues for sll samples

having HT-1 covers and the same number of inner layers and spacer layers are
shown below.
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Solar source on No solar input

Sample Unot Sample Uoold

5 (Dust on cover) .00582 12 , .000k02
15 (AlL-Poly Laminate)  .006 13 .001128
19 (Al-Mylar Laminate} .00736 L .001338
14 (Al-Kodar Laminate) .00T745 15 .00151
12 (Al-Mylar Film) .00817 11 .0018

13 (Cold-Mylar Film) .0106 5 .00188
11 (NRC-2 Control) .01285 19 .00199

3 ENcha Control } L0133 14 .001995
L {NRC-2 Control) LOLhh 3 00273
16 (Velero Seam) L0227 16 .01632
18 (Sewn Seam) LO7h6 18 .0325
Specific performance ranking of these same samples is glven below:

Solar source on No solar input

Sample Nphot Sample Noeold

5 EDust on cover) .000375 12 ' 0000254
12 (Al-Mylar Film) .000515 13 .0000689
15 (Al-Poly Laminate)  .000530 4 .0000836
13 (Gold-Mylar Film) . 000648 11 0001174
19 (Al-Mylar Laminate) .000652 5 .0001209
14 (Al-Kodar Laminate) .000808 15 .0001334
11 (NRC-2 Control) .000839 - 19 .0001741
3 {NRC-2 Control) .000871 3 .0001789
L (WRC-2 Control) .000900 1k .0002160
16 (Velcro Seam) .00211 16 .001517
18 {Sewn Seam 00547 18 .00238

3.6.10 Transient Runs

The transient temperature data for sample surfaces and for the profile
sample (7) are shown in Figures 15 through 19, The transient heat flow data for
each day's runs are shown in Figures 20 through 23. The backing plate tempera.-
tures remained essentially constant througnout any one day's runs.
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L.0 ANALYSIS OF SPACE THERMAL ENVIRONMENT

Application of insulation materials to thermal protection of an
astronaut performing extra-vehicular operations must include an analysis of
the anticipeted thermal environments. Of immediate interest in this country’'s
Space program are the thermal environments for earth orbit, lunmar orbit, anc
the lunar surface. An analysis to define the environment for each of these
conditions is presented in the following paragraphs.

Y Earth Orbit

Results of the earth orbit environment analysis are presented in
Figures 25 through 27. Incident radiation on a cylinder model was considered
from three energy sources: solar, earth radiation, and earth alvedo, The
cylinder axis wes assumed to remain parallel to the earth's surface in an
equatorial orbit at a constant altitude of 100 miles. Incident radiation was
plotted versus orbit angle which was defined as degrees from the sub-solar
point. Source radiation constants used for this cese as well as all others
are listed below:

Solar Constent Eg = U4l5 BTU/AR-Ft°
Barth Radiation Constant E, = 69 BTU/HR-Ft®
Tarth Albedo Constant Fag = 169 BTU/HR-F‘b2

Lunar Rediation Constant 414 BIU/HR-Ft2

Lunar Alvedo Constant B = 31 BIU/HR-Ft®

. The first case considered was that of maximum radistion to a point
on the surface of a non-rotating cylinder. This condition was examined for
the point directly opposite the earth and for the point 180° from this position.
Form factors for earth radiaetion and emrth albedo were obtained from reference

(1).

In the second case, maximum total radistion to the cylinder was
determined by allowing the cylinder to spin slowly about its longitudinal
axis. Form factors for earth radiation and earth albedo for this case were
cbtained from Tables 3 and 22, of reference (3). Exsmination of the outside
coverall temperature in Figure 1li of reference (2) shows that the required
apeed of rotation is relatively low if the cylinder is considered to be of
similar material to the coverall. For this figure, a step change in surface
temperature was attained by rotating the model through 180° in about 5 - 10
seconds. The surface temperature changed through 200 OF in 5 minutes which
shows a response of 40 °F/minute. Thus, if the cylinder model rotates at 1
RPM, any point will change in temperature by no more than £ 20 °F since any
point on the cylinder will be exposed to a given radiation source for about
half of its rotation periecd. Thus, & rotation speed of 1 - 5 RFM is con-
gidered adequate to provide negligible surface temperature variation.
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An example showing the method used to calculate a point on the
total radiation curve (Figure 30) is shown below.

Conditions: FEarth Albedo (Epg) = 168 BTU/HR.Ft2
Orbit Angle (QS) = 200

Solution: Form Factor (F) from Table 22, Reference
100 mile altitude = 1.373

Incident Albedo Radiation (Iep) = Hea F

(168) (1.373)

73.5 BIU
TR.FEC

4.2 Lunar Orbit

Lunar orbit analysis results are plotted in Figures 25, 28, and 29
as incident radiation versus orbit angle. A cylindrical model with the
longitudinal axis parallel to the lunar surface at a circular orbit altitude
0f 100 miles was assumed. The radiation sources considered were solar, lunar
radiation, and lunar albedo.

Maximum local radiation to a point on the non-rotating cylinder was
analyzed for the point directly opposite the lunar surface gnd with the point
180¢ from this position. The curve for the 180° point is identical with Figure
29%,which is the corresponding case for the earth orbital condition., The form
factors for lunar radiation and albedo were obtained from reference {(1).

The case for maximum total radiation to the cylinder was analyzed
while spinning the cylinder slowly. This again distributed the incident flux
over the entire surface and provided negligible variation in the resultant
surface temperstire. The form factors for lunar radiation and lunar albedo
were obtained from reference (3). The calculation procedure was the same as
for the corresponding case in earth orbit,

4.3 Lunar Surface

Results of the lunar surface analysis are shown in Figures 30 agd 31
as incident radiation versus the angle of the sun's rays from the lumar surface
normal. The cylinder model was placed with its longitudinal exis rerpendicular
to the lunar surface. The radiation sources used were solar radiation, lunar
ragiation, and lunar albedo.

Meximum local radiation to a point on the cylinder surface was used
as the first case. The form factors for all three radiation sources are the
samé and are equal to the cosine of the angle between the sun's rays and the
cylinder surface normal.

Maximur total radiation for a cylinder on the lunar surface was
determined with the c¢cylinder spinning slowly. The form factors were identical
to the first lumar surface case and division by 17 was necessary to distribute
the flux over the larger area (I = EF/y ).
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5.0  AFPLICATION OF SUIT MATERIAL TO
SPACE THERMAL, ENVIRONMENT

Selection of suit materials for various extra-vehicular missions
must consider material thermal properties and the mission environmemt. Several
materials representing the range of thermal properties of those materials
tested were analysed to show predicted thermal equilibrium conditione at
maximum and minimum heat flux for a given orbit or mission. These predicted
values would be attained for four hour and 24 hour missions under the assumed
conditions. For a 1/2 hour mission the predicted velues are conservative,
since some suit materials would not have completely stabilized thermally in
this time. Two suit materials, David Clark (Semple 26) and HT-1 £ 7 layers
NRC-2 (Sample 3) were compered in more detail for predicted performances
during a typical 1/2 hour mission. Four of the most promising mated als were
analysed further to determine the most suitable coverall material.

5.1 Predicted Thermal Equilibrium Conditions

Seven samples were chosen for analysis to determine thermsl equilib-
rium conditions. Cholce of these samples was made to cover the range of values
of € » Unot, Ugola for the different sample types. Samples 20, 22, 2k,
and all NRC-2 cover samples were amitted from consideration because of cover
deterioration during testing. No consideration was given to sample weight in
this analysia. :

Agsumptions made for the analysis are summarized and discussed below,

<5¢S/é = =SES The comparative closeness of o4& S/e and
€ Test o< SES/€ shown by TBM analysis is the basis
for this assumption.
Xele - 1.0 This is predicted surface themal response

to earth or moon radiation.

reflected solar radistion are considered
to be the same.

E *  Egorar 7 Palvedo The wavelengths of solar radiation and

Eo = Eogrtn °F Epoon This is infra-red radiation fram the earth
or the moon.
Q = Umest (T T } This is predicted unit heat flow
8 = “inside
urface through the sult at equilibrium.
S - E’Test
Suit Model = Spinning Cylinder

Tinside 90°F

>
(%)



Caleculations of equilibrium surface temperature and steady state heat flow
were obtained by balancing the following equation:

4
XS Eg {f Xe Ee -

T 8
€ a 3 g Fa

surface

The results of this analysis are presented in Table 8. From this
table it can be seen that samples 12 and 19 show the emallest range In Q
{ heat flow) values from the hot to the cold conditions, whereas samples 27
and 21 show the greatest range in Q values between the hot and the cold con-
ditions.

5.2 Extrg-vehicular Mission Without and With Coverall Protection

The degree of thermal prdtection provided by a coverall garment was
determined using data from this test as applied to a typieal extra-vehicular
mission. The mission selected was & circular, equatorial earth orbit with an

altitude of 100 miles and a period of 90 minutes. Extra-vehicular time was
assumed to be 20 minutes.

An HT-1 / 7 'layers of NRC-2 sample {3) was compared with the David
Clerk sample (26). Sample (3) represented a coverall material and the David
Clark semple represented a pressure suit material. Each sample was considered
singly, i.e., for analysis purposes sample therma) properties were examined as
if sole thermal protection was provided by this sample.

Assumptions made for this analysis were as follows:
Astronaut Metabolic Heat = 10 BTU/MIN (600 BTU/HR)

Astronaut Perspiration Oytput ™ .009667 pounds water per minute
(reference (4))

Oxygen pressurization system = 5 oFM of 02 at 3.5 psia

Tip = 45%F
fe] &)
Tout = 90°F or 100°F
RHjp = 0f
Rigut = 75%
Suit Shape = Cylindrical Shell
 Suit Area = 30 Ft2
Spinning Model - No seams in suit materials - Materials transient

thermal characteristics were consistent with test dats - Material
emissivity and apparent thermal conductivity values were equal to
test values. Excess heating rate was defined as: Metabolic heat -
Oo sensible cooling - Perspiration cooling f heat flow through suit
material.
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The excess heat%ng rate versus time curve (Figure 32) shows that
Suit temperatures incur smaller variations with a coverall than with a pres-
Sure suit. Thus, internal coverall temperatures can be controlled as a function
of oxygen flow rate versus astronaut activity without regard to environmental
extremes. However, if extra-vehicular missions are limited to the earth
shadow, a heat leaking pressure suit will aid the flow-rate cooling. The
environments considered in determining Figure 32 were solar flux, earth albedo,
earth radiation, vehicle albedo, vehicle radiation and deep space,

5.3 Selection of Most Suitable Coverall Materials

The samples considered in the final choice of a most suitable coven
all material were limited to those with HT-1 covers. The HI-1 covers proved
to be more resistant to deterioration from the simulated solar environment
than the others tested.

By inspectlon of the performance of the seven HT-1 samples analyzed
in paragraph 5.1, it was possible to narrow the choice down to four samples.
Final selection wms based on the following three criteria: (1) minimum heat flow
through the sample between meximum and minimum equilibrium surface conditions
for typlcal extra-vehicular missions; (2) heat flow through t he sample at
maximum equilibrium surface conditions should be as close to zero as possible
and (3) a low value of Np , specific performance, for hot and cold test runs
is desired. As shown in Table 9, sample 15 best met these criteria. The
low values of heat flow at maximum temperature assure minimum effect on the
astronaut's suit conditioning system from the external environment. Low
values of Ny indicate good thermal effectiveness per unit weight of insulation.
Although these four samples are ranked in order of preference, it is obvious
from Table 10 that all four are good choices for a suit coverall material and
the differences in predicted performance are small.
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e 00 CUICTIS LU

The insulation erfectiveness and materials compatitility
were detzrnined for o8 Govermuent urnished space suit thermal cover-
all materiais. The applicability of the test materials to various
exira-vehicular wissions was evaluated.

Jonclusions regarding specific objectives of this progranm
are as follows:

(1) optinam nuaber of layers - The thermal effectiveness of
MRC-2 insulstion with dacron spacers varies directly with the number of
layers used, seven layers of NRC-2 with dacron spacers offers the best
specific periormance,

{2} leterioration of materials [rom envirommental conditions -
“he damage is confined pricarily to the cover layver and the HT-1 fabric
offers the best choiuve of cover materials.

{(3) Other inner laver materials - The alwninwn polypropylene
sample {(15) and the aluminum-mylar film sawple (12) show the best thermal
effectiveness and specific performance of this group of samples.

(4} Couparison of pressure suit samples - The ILC sample (36)
and the rayon cover sanple (21; demxonstrate the best thermal effectiveness
and specific periormance. Coverall sanples tested are up to 350 times
better in teris of thernal effectiveness and specific performance than
pressure suit samples.

{(5) Lovirommental eifects (dust) on the cover layer - Dust on
the cover layer of an HT-1 sample improves thermal effectiveness and specific
performance under hot conditions by 1.5 - 2.0. For cold conditions, dust
on the cover layer reduces thermal effectiveness and specific performance by
1.5% - 2,0.

{(b) Construction technigues (seams) - One piece no-seam construc-
tion is desired to minimize heat shorts in a coverall material. In areas
whers ssains must be used, the velecro seam is approximately 1,5 to 3.0 times
more effective than the sewn sear.

{7) Other cover layers and other construction methods - With
the exception of the aluminum-dacron sample (25}, these materials are not
suitable for coverall construction because of deterioration.

(5) A1l HI-1 cover samples with the same number of inner layers -
The final choice of a coverall nmaterial should be made from this group
because the best cover material is used and the seven inner layer con-
gtruction offers the optimun value in thermal effectiveness with welght
penalty.

An extra-vehicular mission of 30 minutes (earth orbit) with only
the thermal protection of the pressure suit (Lavid Clark) and with sensible-
latent cooling by oxysen circulation can possibly be accomplished without

=0



undue astronaut discomtfort if twe - isoion is corfined to the carth shadow.

The most suitable coversll materials in the order of preference

Bre:
wample 1- -
Bample 19 -
sample 12 -

Smnples 3,
L, ar 11 -

\

Al-Tol propylerne laminate with Dacron Spacers
Al-rlar lavioals with Dacron Spacers

~l-tivlar-Al [ilm with Dacron Spacers

MRC-2 with Dacron Spacers.



7.0 RECOMMENDATIONG

The results of this test progranm indicate several areas in which
additional investigation should be undertaken. The recommended areas for
additional investigation are discussed below.

{1} The surface radiative properties of the HT-1l cover material
are changed significantly by the presence of dust. Additional investigations
should be made to evaluate in detail the effects of foreign materials on
cover material surface radiative properties. This investigation should be
completed prior to undertaking extra-vehicular missions on the lunar surface.

(2) 'The effects of the astronau't mobility, i.e., the movements
of his body, on the insulation effectiveness of suit materials and coverall
materials should be determined.

(3) The brief anal sis of an extra-vehicular mission without
coverall protection as presented in paragraph 5.0 of this report indicates
that thermal protection afforded by a pressure suit material (David Clark
Suit) is marginal. A thorough investigation should be made of this problem
before undertaking an extra-vehicular misslon without coverall protection,

(4) Couplete coverall garments should be checked under simulated
extra-vehicular mission conditions. Simulation should include radiation
fluxes, cold of deep space, agtronaut mobility and movement, variation in
radiation flux with orbit angle, astronaut metabolic heat, and full-pressure
suit pressurization and ventilation.
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FIGURE 1 BACKING PLATES MOUNTED IN SES




FIGURE 2 TEST SET.UP . SCHEMATIC SPACE ENVIRONMENT SIMULATOR



RADIOMETERS, SMALL
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FIGURE 4 CALIBRATION RADIOMETER, LARGE



FIGURE 5 DIGITAL VOLTMETER SYSTEM
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FIGURE 11 SAMPLES AFTER RUN — REMOVED FROM SETUP — FIRST DAY




FIGURE 12







FIGURE 14 SAMPLES AFTER RUN - FOURTH DAY
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SAMPLE GROQUP

Optimum Layers

Other Multi Layers

Pregsure Suits

SAMPLE KUMBER OF
NUMBLIR | INNER LAYFRS
8 3
10 7
T 15
6 25
12 7
13 T
1k 7
15 i
19 T
a1, 3
26 2
27 1
36 2

TABLE 1

TEST SAMPLE MATERTIALS

COVER LAYFR !

INNER LAYER

SPACER LAYER

REMARKS

No separate cover

|
i
DuPont HT-1 fabric with
Minnesota Mining and ‘

Manufacturing aluminized
coating on one side

Rayon yarn dipped in
Teflon containing a
pigmentation of Mg0

National Research Corp.
MRC-2 insufation, 1/h mil
thick myla® with 0.001 mil
aluminum o# one side

1/4 mil mylar with
vacuum depisited
aluminum £{lm on

" both sideq.

1/4 mil mylar with
vacuum depisited
gold £ilm 2n one

side

0.45 mil Kslar
laminatec to 0.20 mil
aluminum fril

0.45 mil ﬁ;lypropylene
laminated 'to 0.18 mil
aluminum £311

+

I[
i,

1/3 mil lartnated to

0.18 mil gluminum foil
V

i
Two 1/8" 1a ers of open
celled poliurethane [oam,
One final layer of nylon

- Treeco

HT-1 fabric with

Cross seams !

Nylon fabric with
aluminized surface

¢

{ i
{ One layer-jeflon link net.

Final layet-Nylon neoprene
coated bleider cloth with
Ccross sea.rr.é .

. Transparer! yellow

colored plastic (Estane)

One layerv;ray colored nylon

Fon-woven dacron
1 mil thick, 15
erams/yd.

Aluminum coating vacuum
deposite. on mylar. Mylar
aide turned to face simulated
so0lar source

t

final lay:r-black nylon with

neoprene tcated inside.

i

— i e

e i e s T e e et o o i

| Supplier was G. T. Schjeldahl
} Company,

1

i
«Mylar side turned to face
i simulated solar source.

Kodar side turned to face
simulated solsr source.

Kodar nade by Kodak Co.

Sample supplier was Schjeldahl
Company , '

Polypropylene side turned to
face simulated solar source,
Sample supplied by Schjeldahl
iCompary .

‘Mylar faced simulated solar
:source. Supplier was
iSchjeldahl Company .

i

;Cover woven into 2 over 2
vtwill. Coarser rayon side
‘faced simulated solar source.
iSupplier was B. F. Goodrich

i

iSupplier was David Clark Co.
|

|

Project Mercury Suit.
Supplier was B. F. Goodrich

IIC Suit
. 64 4,



SAMPLE GROUP

Environmental
Effects

Construction
Techniques

Other Samples

1" -1 Cover
Sauples

Wy

SAMPLE

16

18

17

20

22

2k

11

3,4,5,
13,1415,
18,19

11,12

16

TABLE 1

TEST SAMPLE MATERTALS

1

b

SPACER LAYER

REMARXS

Non-woven dacron,
1 mil thi%k 15
grams yd

Non-woven dacron

Woven dacron

scrim, 8 mil thick,

25.9 grams/yd.
Nylon tulle

material

Dacron scrim

Non-woven dacron

table

NUMBER CF
IRNER LAYERS COVER LAYIR INNER LAYER
7 DuPont HT-1 fabric with | National Research Corp.
MMM aluminized coating NRC-2 insulation, 1/4 mil
on one side thick mylar with 0.001
mil aluminumypn one side
7 DuPont HT-1 fabriec with f
MMM eluminized coating l
plus basaltic dust i
spread con alumlnized ’
surface. ’
T Identical with Sample number L
J
7 i HT-1 fabric (two pieces) | Identical with Sauple nurber b
Jjoined in middle with !
Velcro seam .
j
T E HT-1 fabric (two pieces) ! Identical with Sarmple number 4
I joined in middle with i :
| sewn seam (fold-back | i
i technique) } i
|
7 Mylar-Al laminate with | HRC-Z2 inswlatiion
slodine coating on : :
i aluwnimun side
|
7 i Aluminized woven Alurinized mylar
{ cover material '
| s
é ‘
i ! No separate cover CAluminized m}lar,
i /b mil
H .
| i r
7 | No separate cover Aluninized HjLar,
g 1/b4 mild i
;,
T ; Aluminized dacron, NRC-2 insula‘ion
: 0.01 inch thlck .
. 7.75 ounces/yd.“< :
|
7 i TIdentical with Sample number 4
T ! See detail descriptions in other sect ans of this

|
|

Mylar side turned to face
simulated solar source

{ Mylar side faced simulated

solar source. Simulated
moon dust furnished by Jet
Propulsion Laboratories

Aluminum side of cover and
‘mylar side of inner layers

faced simulated solar source,
Supplier was Schjeldahl Co.

"Muminum side of inner layers

faced simulated solar source.

~Supplier was Hamilton Standard

Inner layers leminated to
spacer layers, Supplier

~was Schjeldahl Co.

Inner layers spot laminated
to each other., Supplier
was Schjeldahl Co.

! Cover supplied by Mimmesota

Mining and Manufacturing Co.



TABLL 2

SPRCTRAL YWFRGY DISTRIBUTION, SEJ

Wavelength “nergy Javelength Energy
) [ ] - ; ( ) ) cm—a
260 (0.5) 560-T70 0.2
260-T0 1.0 70-30 2.7
70-80 1.5 80-90 2,2
80-90 1.7 590-600 0.2
290-300 2.0 600-10 1.0
300-10 2.5 10-20 0.6
10-20 2.6 20-30 0.1
20-30 0.4 .30-h0 0.1
30-b0 1.2 40-50 0.1
40-50 0.2 50-60 0.1
50-60 0.b 60-70 0.1
60-70 3.6 70-80 1.1
70-80 0.5 80~90 0.4
80-90 0.3 £90-700 0.1
390-400 0.2 700=750 0.5
400-10 1.7 750-800 0.4
10-20 0.2 800-850 0.7
20-30 0.3 £50-900 1.0
30-40 3.4 900=950 0.9
L0-50 0.2 950-1000 1.0
50-60 0.2 1000-1100 2.0
60-70 0.1 1100-1200 1.8
70-80 0.1 1200-1300 0.9
B80-90 0.1 1300-1400 1.9
L90-500 0.2 1400-1500 O.h
500-10 0.1 1500-1600 0.5
10-20 " 0.1 1600-1700 0.5
20-30 0.1 1700-1800 0.5
30-40 0.2 1800-1900 0.2
L0-50 2.5 19002000 0.1

550-60
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TARLE b

TEST RESULTS, FIRST DAY

DATE: 5 APRIL 1963
WEIGHT . BACK AT
BEFORE/WETGHT HEAT ¢+ 5%  SURFACE ' PLATE SURFACE
SAMPLE AFTER WEIGHT  TEST FLUXgeg TEMP, | TEMP, BACK PLATE
NUMBER  SAMPLE DESCRIPTION GRAMS LOSS 4 POSITION BIU/HR-Ft® ©F ; OF Of
i
3 HT-1 Cover + T layers \ Lower Right! 399 336 1 90 ol
NRC-2 {Control) | (#6) B
3 HT-1 Cover + T layers 30.12/’ L 1.33 : Lower Right - -108 90 198
NRC-2 (Control) 29.70 | -
6 25 layers NRC-2 g Middle Left 486 224 o 89.5 13h.5
! (#3) |
‘ . j %
6 25 layers NRC-2 | 68.3%/ 0.18  Middle Left - ©o-219 ' 88.5 307.5
: 68.20 ' :
7 15 layers NRC-2 Middle Right LLO i 238 . % 148
(74 ) j .
- |
7 15 layers NRC-2 43.03 0.54  Middle Right - Po-227 ' 89 316
42.80 ’
8 3 layers NRC-2 Top Right 439 209 ! 89.5 119.5
(#2) "
| |
8 3 layers NRC-2 6.80 4.42  Top Right - -177 E: 88.5 265.5
6.50 ?
10 7 layers NRC-2 Lower Left 383 164 i 89 75
(#5) r
10 7 layers NRC-2 18.95 0.79 Lower Left - ~206 H 88.5 294.5
: 18.80 ? f
26 David Clark Suit Top Left L1l 175 ii 91 84
(#1) .
26 David Clark Suit 163.53 | 0.00  Top Left - 5 W 95
; 163.53 l .
!
W '

Q
HEAT FLOW|
BIU/HR-Ft{ ¢ o5/ u
TEST  TEST BIU/HR-Ft°-OR
3.25 1.8hk4- L0133
2.236
2.0k (avg)
-.54 .0208] - .00273
/
.10 L TNT- .000TH3
FoL82h
.785(avg)
-.20 .0k12° - . 00065
.37 .898- .0025
.91 K
.Shli{avg):
-.37 0796 - .00117
2.325 . 783 .01946
.B66
- .82k (avg)
-1.54 | Jah82 - .0058
.29 . .659- . 00387
LT3
; | .695(avg)
-.63 % .1015 " - , 00214
26.9 - L.697- .32
LLTTL
| T34 (avg)
-9.83 .13h7§ v | .1036
o |




TABLL 5

TEST REZULTS, SECOND DAY

DATE: 9 APRIL 1963 .
WEIGHT BACK AT Q
BEFORE /WEIGHT HEAT + 5% SURFACE - PLATE SURFACE HEAT FLOW )
SAMPLE AFTTR WEIGHT  TUST FLUXgeq TEMP. TEMP, BACK PLATE BTU/HR-Ft© € fggé g .
NUMBFR  SAMPLE DESCRIPTION GRAMS LOSS %  POSITION BIU/HR-Ft op OF O TEST ST  BTU/HR-Ft=-°R
N HT-1 Cover + 7 layers Lower Right | 4O 310 95 215 3.10 2.140- .01hY
NRC-2 (Control) (#6) 2,360
2.25(avg)
A AT-1 Cover + 7 layers 29.1%// 2.62 Lower Right | - -106 96 202 -.27 .0103Y - .001338
MRC-2 (Control) 28.37
11 HT-1 Cover + 7 layers Lower Left 385 L 289 93 196 2.52 1.788~ .01285
NRC-2 (Control) (#5} | 1.972
j j 1.88(avg)
i
11 HT-1 Cover + 7 layers| 30.03 1.43 Lower Left - L _107 oL, 201.7 -.363 LO1LOh| - .0018
NRC-2 (Control) 5 ,/g9.60 j !
| : |
12 HT-1 Cover + 7 layers Middle Left | 486 i 340 i o4 246 2,01 2.218- L00817
Aluminum {both sides): (#3) ; 2.hhh
T 3 2.331(avg)
12 HI-1 Cover + T layers . 29.00 1.b2 Middle Left | - -131 ;95 226 ~.091 | .O04T2 - . 000402
Aluminum (both sides) / 28.60 , §
, | i
13 HT-1 Cover + 7 layers’ Middle Right | L3 327 o oh 233 i 2.47 1.793- .0106
Gold (one side)-Mylar, (i) i 1.988
Mylar up : i 1.89(avg)
13 HT-1 Cover + 7 layers : 28,00 / 1.39 Middle Right | - -130 95 225 z -.254 LO1h3h! - .001128
gold (one side)-Mylar, /27,70 l :
Mylar up ! !
14 HT-1 Cover + 7 layers ' i Top Right V436 29k on 200 ; 1.k9 1.443- .007h5
. Kodar-Al laminate, ; (#2) | } 12,059
Kodar up j ; ! : zl.Ysl(avg)
: i i 4 !
b HT-1 Cover + 7 layers Uu8.655 I 1.0h4 Top Right | - i ~103 a5 198 ; -.395 .01h58%- .001995
Kodar-Al laminate, L8.15 . : : : : i ! i
Kodar up g } ; % ! % I
: i ! i i i ]
15 HT-1 Cover + T layers " Top Left Lo I 295 P95 200 1.20 { 1.556- i .006
Polypropylene-Al laminate C (#) ; i i 1,725
: ; | | 1.64(avg)
15 HT-1 Cover + 7 layers [40.29 0.47 - Top Left - -100 96 196 -.296 f 01053 i- .00151
Polypropylene-Al laninate Lo.1 b
69 A

e}




SAMPLE
NUMBER

WEIGHT
BEFORE/WEIGHT
AFTER

SAMPLE DESCRIPTTON GRAMG

16

16

17

17

18

18

19

19

20

20

o

HT-1 Cover + 7 layers
NRC-2. Lunar dust on
cover (hand oil)

HT-1 Cover + 7 layers
NRC~2. Lunar dust on
cover (hand oil)

29.5/;9.2

HT-1 Cover + 7 layers
NRC-2 with Velcro Seam

HT-1 Cover + 7 layers hB.%//
NRC-2 with Velcro Seam L2.1

Al-Mylar Cover with
Alodine coating on

outside + 7 layers

NRC~2

Al-Mylar Cover with
Alodine coating on
outside + 7 layers
NRC-2

20.5
20.28

HT-1 Cover + T layers
HRC-2 with Sewn Seamn
(fold~-back technigue)
HT-1 Cover + 7 layers [3h.1//
NRC-2 with Sewn Seamn / 33.3
(fold-back technigue)

H

HT-1 Cover + T layers
Al-Mylar laminate

HP-1 Cover 4+ 7 layers
Al-Mylar laminate

39.9
39.7

H-5 Al woven cover +
7 layers Al-Mylar with
woven dacron scrim

33.1 /
/3.5

H-5 Al woven Cover £
7 layers Al-Mylar with
woven dacron scrim

TABRLE 6

TEST RESULTS, THIRD DAY

DATE: 11 APRIL 1963
BACK
HEAT * 5% SURFACE PLATE
WEIGHT TEST FLUXgos TEMP. TEMP.
L0SS 4 POSITION BIU/HR-Ft® OF oF
Lower Right | 407 203 92.5
(#6)
0.68 Lower Right | - -182 91
Middle Left | 490 321 g2
(#3)
2,32 | Middle Left | - -112 90
Lower Left 388 302 91.3
#5)
1.07 { Lower Left | - -119 90
Middle Right L6 275 92
(#4)
| ;
2.05 | Middle Right - I z 90
: i
i
Top Right  L36 i 293 | 01,7
(#2) :
0.50 ! Top Right - -36 90
' Top Left iz 3L 92.7
: (Ifl) !
1.82 ° Top Left - -76 9

O T

SURFACE

BACK PLATE
oF

110

273

229
202

211

209

183

177

201

186

256

167

q
HEAT oy
FLOW € € U
BTU/ER-F{®  TEST  TEST  BTU/HR-Ft°=°R
.6l .808- .00582
.Bgz
.850(avg)

-.514 L0534} - -,00188
5.2 NA .0227
-3.30 NA - .01632
2.56 1.875- .0121

1,70
1.787(avg)

-.521 .02320 - .00249
13.65 | ma L0746
E
g
-5.74 NA - 0325
:

1.48 | 1.493- .00736
| | 1.626
i 1.559(avg)
37 | | .ou26 - ; .00199
| ‘ ‘;
6.83 ? i 2.420- b Lo267
; . 2,682
‘ 1 2.55(ave)
-.804 .0220 . - . 00481
70 0



TARLE 7

TL3T RESULTS, FOURTH DAY

neoprene j

N

DATE: 16 APRIL 1963
WEIGHT BACK AN
LFORE/WEIGHT HEAT + S% SURFACE PLATE SURFACE
SAMPLE AFTHR WEIGHT TEST lUXges TEMP TEMP. BACK PLATE
NUMBFR ~ SAMPLE DESCRIPTION GRAMS 10S5 % POSITION BTU/HR-Ft  ©OF OF o
21 Rayon Cover + Top Right 436 156 93.6 62,4
Polyurethane +Nylon #2)
Treco (B.F. Goodrich)
21 Rayon Cover + hib 2 1.27 Top Right - -99 a3 l 192
Polyurethane + Ilylon L3, sh
Treco (B.F. Goodrich) i
i { ‘ .
| ! '
o2 7 layers Al-Mylar Middle Left | Lgo 303 I 93.6 | 209.4
‘ laminated to Nylon (#3) : }
Tulle Spacer ‘ : i
' ! { :
H i ' :
22 7 layers Al-Mylar 25,2 | 10.37 | Middle Left { - 98 1 93.7 i 191.7
- laminated to Nylon . 22.59 L ! 1 i ;
Tulle Spacer : : ' E : !
! ! ! :
2h 7 layers Al-Mylar,Spot ' Middle Right' 446 31 3.6 2474
laminated, Decron Scrim (#4)
separator !
24 ¢ 7 layers Al-Mylar,Spot 33.L5 1.85 Middle Right; - -191 93.7 ahy 7
. laminated. Dacron Scrim. 32.83 ; :
, separator 7 : i i
i : | ‘ :
25 | Al-Dacron Cover + 7 : i Lower Right | LO4 315 o 22l
i layers NRC-2 N ! : {(6) :
! ‘ : } E ’
? % | |
25 | Al-Dacron Cover + 7 hE.B?// 5.48 | Lower Right | - -103 oh.5 - 197.5
. layers NRC-2 Lo.19 | ? :
! ; f ?
o7 i Project Mercury Suit ¢ Top Left 410 L1368 95 U3
. Material {B.¥. Goodrich} ! {z1) : :
, : ‘ :
‘ i :
27 | Project Mercury Suit 50.18,/ ; ;
E Material (B.F. Goodrich1 /he.2 14,87 © Top Left - 27 9.5 57.5
3 - IIC Suit Al-HT-1 + Nylon  Lower Left 383 161 93 68
+ Wylon impregnated with (75
neoprene i
36 ILC Suit AL-HT-1 + Nylon 52.9// 5.35  Lower Left - 31.5 93 61.5
+ Nylon impregnated with /50.07

Q
HEAT FLOW € z J
BIU/HR-Ft&  TEST  TEST  BTU/HR-FtZ-OR
21.0 .616- . 3365
.681
.648(avg)
-17.65 603 | - .0919
11.7 2.326- L0559
2.578
2.453(avg)
-.55 L01913 - | 002865
L.2y " 1.650- i 01717
- 1.823 i
51-736(avg){
-.895 L0604 | - L .00366
: i
2.69 | i f2.191- :.01218
i c2.419 g
i :2.305(avg) |
-2k |} o088 - | 001216
| |
23.80 | 2.215- | .55k
: 1 2.855 %
i - 2.335(avg) |
i ? |
-7.10 <0325 | - 1235
18.10 '1.ho2- . 266
1.620 ‘
_1.556({avg) .
~5.26 L0529 - .0855
71~



JABLy D

PRZPICTD ELUTLIBRTUM CONDITIONS FCR VARIOUS SAMPLE MATIRIALS

= S
e PLANET SURFACE DQUILIBRIUM HEAT FT.OW, ]
LSS TON~ ENVIRONMENT SOLAR & ALRIDC RADIATION TEMPER:TURE, OF B/ HR -1 MAT:-RIAL SAMPL.
lartn Crvit .06 (ave) 1.0 227 +1.78 HT-1+MRC -2 based o
Maximum Radiation ave. test values !
Janples -, L, 11
2.33% 1.0 11¢ + 11,43 Project Mercury
suit, Zemple of
.BLE 1.¢ 80 -3.3b3 Rayon-Polyuarethars
lylon, Sample 21
1.787 1.0 212 +1.48 Aa=Mylar-ilodine
MC-2, Sarmple 1
-H} nl -
ne 2.331 1.0 21 £1,3046 Al-Fylar-L1-Fil,
Cample 12
1.55% 1.0 191 v Thl Al-Mylar Jamina-e,
-(.‘Jaﬁ'lple 1 9
1.6k4 1.0 200 + 060 44-Pol;propylene

laminate, 3ample 1.

fzrth Orbit .

Micimum Rediation - 1.0 -50 - 27h HT-1 + NRC-Z2, baseu
on avg. test valucs
for Samples 3, 4, _:

- 1.0 70 -2.47 Project Mercury
Buit, Sample 27

- . 1.0 ‘ -45 -12.h4 Rayon-?olyurethane
Nylon, Sample 21

- 1.0 -5 -.353 Al-Mylar, Alodine +
. ' WRC-2, Sample 17



£l

=5

: €*7é‘ PLANET SURFACE EQUILIBRIUM HEAT FLOW
MISSTON-ENVIRONMENT SOLAR & ALBEDO RADIATION TEMPERATURE OF BTU/HR-Ft°  MATERI. _;;m,z.
Farth Orbit
Minimum Radiation - 1.0 -58 -. 0595 Al-Mylar, ~l-7lic
w Sarple 12 :
- 1.0 -4o -.2538 Al-Mylar lazinate,
saunple 14
- 1.0 -ks -.204 Al-Polpropylene
: laminate, Sarple 1%
Lunar Orbit
Meximum Radiation 2,06 {avg) 1.0 229 +1.86 HT-1 + NRC-, hased
on avg. test values
for Jamples i, kL, 1!
2.335 1.0 110 +11.08 Project Mercur:
Suit, Sample =7
.6L8 1.0 160 +23.56 Rayon-Polyurethane
Nylon, lample 21
1. 787 1.0 . 230 +1.69  Al-Mylar, 2lodine
+ NRC-2, Sauple 17
2.331 1.0 219 +1.055 Al-Mylar-il-Film,
- Sample 12
1.559 1.0 : 220 +.956 Al-Mylar laminate,
Sample 19
1.64 1.0 222 +.792 Al-Polypropylene
' laminate, Sample 1S
Lunar Orbit
Minimum Radiation - .- -108 © -,386 HTS + NRC-2 based

on avg. test values
for Samples 3, 4, 11



nl

MESSTON=- ENVIRONMENT SOLAR & ALBEDC BADIATION TEMPERATURE OF B'I‘U/HR-“t2

CX/E
o< PLANET SURFACE EQUILIBRIUM  HEAT FLOW
MATERTAL am&xw'llr

Lunar Orbit _
Mirnimun Radiation - - 60 -3.71 Project Mercury
Suit, S.mple 7

- - -101 -9.29 Rayon-Polyurethane
Hylon, Sample 1

- - ~120 - 523 Al-Mylar, Alodine
+ NRC-2, Sample 17

- - =135 -.090% Al-Mylar, Al-Filn,
Janple 12

- - -100 -.378 Al-Mylar laminate,

; Sample 17
- - =105 -.2Oh Al-Polypropylene

laszinate, sample 1

Lunar Surface

Maximum Radiation 2.06 (avg) 1.0 152 +.836 T-1 +NRC-2, based

on avg. test values
for Samples 3, 4, 11

2.335 1.0 100 +5.5k Froject Mercury
Suit, Sample 27

648 1.0 80 -3.365 Rayon-Polyurethane

Nylon, Semple Z1

1.787 1.0 159 +.835 Al-Mylar Alodine
+ NRC-2, Sample 17

2.331 1.0 158 4.556. Al-Mylar, Al-Film,
Sample 12

1.559 1.0 1ko +.368 Al-Mylar laminate,

Sample 19



SL

SSe P?/f €

SURFACE BQUILIBRIUM  HEAT FLOW,,
MISSION-ENYIROHMENT SOLAR & ALREDO RADIATION TEMPERATURE °©F BTU/HR-Ft
Lunar Surface
Maximm Radiation - 1.64 1.0 148  +.38
Lunar Surface
Minimum Radiation See Lunar Orbit - Minimm Radiation

T{nafde * 9O°F
+ * Heat Flov In

= & Heat Flow Out

MATERTAL SAMPLE

Al-Polypropylense
laminate, Sample 15



9L

SAMPLE

HD?-1 + 7 Al-
Pol:propylene
laminate with
dacron spacers
(:15)

HT-1 + 7 Al-Mylar
laminate with
dacron Spacers

(f19)

HP-1 + 7 Al-Mylar-
Al Film with
dacron spacers
{12)

COMPARISON OF MOST SUITAHRLE COVERALL MATERIALS

TAHLE 9

SAMPLE

PREFERENC &

MISSION

=arth
Orbit

Lunar
Orbit

Lunar
Surface

Zarth
Orbit

Lunar
Orbit

Lunar
Surface

Zarth
Orbit

Lunar
Orbit

Lunar
Surface

HEAT FLOW HEAT FLOW
IN ouUT q
BIU/HR-Ft° BTU/HR-Ft? BTU/HR-F42
0.660 0.204 0.864
0.792 0.26h4 1.086
0. 348 0.294 0.642
O.7Thh 0.258 1.002
0.956 0.378 1.334
0. 368 0.378 0,746
1.05 0.06 1.11
1.055 0.0905 1.1455
0.556 0.0905 0.6465

NPhot

Npeold
BTU-LB BTU-1B
AR_FL2_Ok  HN-i12-OR
00053 L000133%
00053 .0001334
L0005 L0001 334
000652 L0001 b1
. 000652 LO001741
. 000652 L0021 761
. 000515 L 000025k
000515 L GO00Z 54
.000515 . 0000254



HLAT FLOW HEAT FLOW MPhot “peule

SATLE N T FANES BTU-LD TR
AP DRLIE MISETON T /HR- FEE BIU/HR-7t° B /HR-rt? Teon  HReree s
Ei-1 4 7 MRCw=2 y arth
with dacron Orbit 1.7% C.274 2.0 008 L 000N
spacers (based on
avg. values for Lunar

Samples 3, 4, 11 . orbit 1.58 0.386 ¢.266 L0005 LO00L206

Lunar ' ) .
Surtace 0,836 0,366 | 1.222 SO S LO00LEGE

T = O
“inside .901



AFPPENDIX

THE LFFICT OF ZDGH LOGSED ON THERMAL-FLOW MUASUREMENTS

PROBLEM

The edge effects on the steady state heat flow measurements in
superinsulation was analyzed to determine the magnitude of any errors
caused by these edge effects. The analysis conducted is summarized in
the following paragraphs.

ARALYSIS

The incident energy on the specimen which is absorbed is conducted
into the surface. Now assume that the engery leaving the back side of the
specimen is less than that which was captured; normally, the difference is
recognized as heat stored by a material to raise its temperature. But in
steady state operations, temperature changes have, by definition, ceased;
the difference has become spanwise or lateral conduction, & built-in test-
ing error.

A steady state analysis of Figure 1 describes the surface temperature
distribution along the X-axis.

FIGURE 1

_ Preceding page blank|
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Therefore, the spanwize tewperatire 4isisibuticr {3 parabolic.

Using specimen 10 as an exanple, ilhe lateral heat flow from a
3o 7 tneruopile was determined as 1ollows:

pecien lua concists of:

R o \ e T I
Jodavers, 1S4 501 nylar Kmylar = L. g;; 1.133' OR
with 001 =il alwsinm on '
one side .
1 = 1)*0{) BrI‘) IN

s
i HI Ft& OR
ard
O spacers, 1 wmil dacron ratie Kgncron, = 1-00 EZE_Ig____
(155 selic) HR Ft< ©On

e effective Ui {rom one side will be:

1. a2 + 12 s 12
i 100001 /5).2% 1.03{.000)(.15).25 1400(.000007). 25

wirn-5y B
Up = 14 S(1077) e



30 that for one side

) - h -5 ( T)
(10 -

) 1. b5 ) (dx)

For three sides

a3 = 4.37(207%)

)
)%

.E.
(dx

RADIATION SHIELD

~SPECIMEN /0 (WRARPFPED ON
THREE S/IDES)

220%F SURFACE AT

THE CENTER

(ASSUNE D)
. ~100°F EDGE
7 }’/ (AS5UMED)

/ ‘\/4\\ S0°F BACKING PLATE
THERMOLPILE AND HEAT EX CHANGE R
(3"x3")

FIGURE 2

Using the parabolic tempersture distribution and values indicsted on
Figure 2,

el

CX
Teenter(avarage) = Tedge = >

E??O*'___.g_.?_og - (-100) = ¢C 7:'25 ;

¢ =« 9,08 °F
inz

(aT) _ .., OF
T = CX = 13,62 _°
( )x £ 1.5 3 in

The spanwlse loss at the thernmopile edge is
q3 = h.37(10°%) 13.62 = .000595 %U-

81



CONCLUSION

: This lateral conduction (.000595 %) represents 1.8% of the heat
flow entering sample nurber 10 (thermopile area) and is therefore negligible,





